Considerable attention has been focused on the concept of Propagule Pressure (PP; 20 number of individuals introduced and introduction events) as a predictor of invasion 21 success (975 papers). Much less well studied is the role of Colonization Pressure (CP; 22 number of species introduced; 24 studies), the complement of PP. Here we review the 23 invasion history of the Laurentian Great Lakes to predict the risk of a future invasive (i.e. 24 producing adverse ecological effects on other species) non-indigenous species (NIS) 25 based upon the number of species introduced (CP), using the recorded history of 26 invasions in this system as our starting point. Historically, 52% of the fishes that were 27
Introduction
among others (see Elton, 1958; Williamson and Fitter, 1996; Colautti et al., 2006; Lodge 48 et al., 2006; Richardson and Pyšek, 2006; Hayes and Barry, 2008; Lonsdale, 2009; 49 Jeschke et al., 2012) . Simberloff (2009 ) attributes Mark Williamson (1996 with 50 introducing the concept of Propagule Pressure to predict species invasiveness (also see 51 Williamson and Fitter, 1996a,b) . Propagule Pressure includes multiple components, the 52 main ones being the number of individuals introduced and the number of introduction 53 events (Lockwood et al., 2005; Simberloff, 2009 ). Propagule Pressure is important 54 because as more individuals are introduced, the likelihood of overcoming demographic 55 constraints -like Allee effects -also increases (Lockwood et al., 2005) . The number of 56 introduction events is important since it may allow demographic rescue of previously 57 introduced individuals, as well as providing multiple opportunities to colonize in the face 58 of environmental stochasticity in the receiving habitat (Lockwood et al., 2005; 59 Simberloff, 2009). Propagule Pressure also includes the condition of propagules 60 introduced, and the abundance of the invader in its native range from which propagules 61 are entrained in an invasion vector. The latter variable is potentially important since -all things being equal -higher abundance in the native region provides a potentially larger 63 inoculum when entrained in the invasion vector (Blackburn et al., 2015) .
64
Colonization Pressurethe number of species introduced -is a critical 65 parameter for predicting invasion of habitats. The concept is grounded in the view that 66 each species has a different invasion potential when introduced into a particular habitat, 67 and as the number of species introduced increases so, too, does the likelihood that at 68 least one species will have its establishment requirements met (Lockwood et al., 2009) . 69 Colonization Pressure has been explored with birds and waterstriders, and using 70 simulated and real ballast water communities (Ahlroth et al., 2003; Chiron et al., 2009; 71 Lockwood et al., 2009; Briski et al., 2013; Chan et al., 2015a) . Lockwood et al. (2009) 72 demonstrated as the total inoculum introduced to a habitat increases, both Propagule 73 Pressure and Colonization Pressure increase, with the latter asymptoting as rare 74 species are slowly added while the former continues to increase.
75
One concern with increased Colonization Pressure is the increased risk of 76 entraining an invasive NIS (Ricciardi and Kipp, 2008; Ricciardi and MacIsaac, 2011) .
77
This problem is, in fact, a variant of the Propagule Pressure concept. If risk of invasion 78 by a highly invasive NIS does, in fact, increase with Colonization Pressure, then it would 79 follow that management ought to focus efforts on vectors capable of transmitting 80 multiple species before those capable of introducing only single species. In this study, 81 we explore this issue using the invasion histories of the Laurentian Great Lakes with 82 respect to successfully established fishes and invertebrates. 
Methods
We assessed the relative prominence of the terms "propagule pressure" and 86 "colonization pressure" in the ecological literature between 2000 and 2016 (September 87 9, 2016) using either of the terms combined with "biological invasion" or "species 88 invasion" or "invasive species" or "nonindigenous species" in Web of Science. Two 89 metrics were arbitrarily selected to determine popularity of papers using these terms as 90 keywords: total number of papers, and number of papers citing the terms.
91
To estimate the probability of introducing at least one high-impact invader 92 species to a new area, we performed a probability analysis using the hypergeometric 93 distribution (phyper function in R; R Core Team, 2016). We based the proportion of 94 high-impact versus no-reported impact invaders for this analysis on fish and 95 invertebrate species already introducedby any vectorand established in the 96 Laurentian Great Lakes (GLANSIS, 2016) . All fish and invertebrate species were 97 reviewed for demonstrated 'impact' in the Great Lakes based on Web of Science-98 retrieved publications. This analysis is likely conservative as only reports that explicitly 99 identified adverse ecological effects (i.e. predation, competition, parasitism) involving 100 native species in the Great Lakes were considered as having an impact. Furthermore, if 101 a species has, for example, a parasitic life history but available reports failed to identify 102 any adversely-affected species in the Great Lakes, we did not apply the 'invasive' tag to 103 that species. Analyses were conducted separately for invertebrates and fishes. Using 104 the proportion of high-impact invaders from the Great Lakes, we calculated the 105 probability of introducing least one high-impact fish or invertebrate invader when 106 introducing from one to ten total species to a new area. Specifically, we modeled the 107 likelihood of getting at least one high impact invader [P(X ≥ 1)] as:
where N is the total pool of invaders, K is the number of high-impact invaders, n is the 110 number of species introduced, and k is the number of high-impact invaders drawn.
111
Thus, our model calculated the total probability of drawing one or more high-impact 112 invaders for each step from one to ten species introduced to a new area. Our analysis 113 assumes that introduced species subsequently establish, though, in reality, each 114 species will have a separate probability associated with this stage of invasion. difference in popularity of studies using the two terms may relate to the fact that the number of individuals introduced has strong implications in evolutionary ecology via 131 founder effects and/or genetic drift (e.g. Bock et al., 2015) .
132
There exists a positive but asymptotic relationship between the risk of at least 133 one high-impact species invading successfully and the number of species introduced to 134 a system (Fig. 1 ). There was a strong difference between risk associated with fish (13 of 135 25; 52%) versus invertebrate (7 of 45; 16%) invasions (Table 1) . This difference may be 136 attributable to the respective trophic levels of these taxa, body mass differences, of getting at least one high-impact species (Ricciardi and Kipp, 2008; Ricciardi et al., 2011) , the effect being more pronounced for fishes than invertebrates (Fig. 1) . Ricciardi Australia, and prevention measures to ensure it is not introduced would be prudent.
185
Likewise, concern about Bighead Carp (Hypophthalmichthys nobilis) and Silver Carp (H. 193 It is surprising that thus far only a handful of studies have explicitly assessed the 194 importance of Colonization Pressure in risk assessments of sustaining a future invasion 195 by one or more invasive NIS (Ahlroth et al., 2003; Verling et al., 2005; Roman and 196 Darling, 2007; Ricciardi and Kipp, 2008; Chiron et al., 2009; Ricciardi and MacIsaac, 197 2011 
